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ABSTRACT 
Two antigens of human wart tissue, a nuclear and a cell surface antigen, were isolated 
from whole tissue homogenates by elution from antibody-Sepharose immunoadsorbents. 
Neither antigen was a structural component of purified human papilloma virus. The 
antigens were detected by immunofluorescence in warts, squamous cell carcinomas, fetal 
skin, and psoriatic epidermis, but not in normal skin or basal cell carcinomas. They could be 
detected in concentrated extracts of normal skin by agar gel diffusion. The antigens belong 
to the growing class of substances that are readily detected in tumors and in fetal tissues, 
but are present only in minute quantities in normal adult tissue. 
Human warts (verrucae vulgares) are benign, 
epidermal neoplasms caused by human papilloma 
virus [1], a DNA virus of the papova group. 
Although warts usually regress without treatment 
little is known about the factors causing their 
spontaneous involution. The observations that 
warts occur most frequently in children [2], and 
that they may proliferate in an uncontrolled 
fashion in some patients treated with immunosup-
pressive drugs [3 ], suggest that their persistence 
or regression may relate to host immunity. The 
immune response could be directed toward com-
ponents of the virion and/or viral-induced cellular 
antigens. 
Animal tumors caused by other viruses of the 
papova group, such as SV 40 and polyoma viruses, 
contain a number of cellular antigens that are 
specific for the inducing virus but are not struc-
tural components of the virion. These antigens 
include two cell surface components, the S anti-
gen [4] and the tumor-specific transplantation 
antigen (TSTA), and an intranuclear T antigen 
[5 ]. The TSTA is measured by the rejection of 
tumor cells by immunized syngeneic animals and 
is thought to be related to the biologic control of 
tumors by the host [6 ]. The S antigen is not 
specific for tumor cells but can be detected on the 
surface of normal adult cells after treatment with 
proteolytic enzymes [7 ]. The nuclear T antigens, 
which are detected by immunofluorescence or 
complement fixation, are useful as markers of the 
viral genome because they are present in trans-
formed cells that contain no infectious virus [5 ]. 
These antigens may serve as models for studies of 
antigens associated with human papova viruses. 
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In preliminary .experiments [8 ], we have de-
scribed nuclear and cell surface antigens in 
human wart tissues. The antigens were detected 
by indirect immunofluorescence using antisera 
prepared in rabbits to homogenates of wart tissue. 
This report describes the isolation of these cellular 
antigens from wart tissue by the use of antibody-
Sepharose immunoadsorbents. Antisera prepared 
to the partially purified tissue antigens permitted 
further studies of their chemical nature and dis-
tribution in epithelial tumors. 
MATERIALS AND METHODS 
Specimens of warts and other skin tumors were 
collected by biopsy, quick frozen in an acetone-dry ice 
mixture and stored at -90° C. Parings collected from 
plantar warts were frozen without prior fixation. Tissue 
extracts were prepared by mincing parings in phosphate-
buffered saline (PBS) (pH 7.4) before grinding in a 
mortar with silicon carbide (grit 120 obtained from 
Buehler Ltd., Evanston, Illinois). 
Particulate material and silicon were removed by 
centrifugation at 25,000 x g for 15 min, and virions were 
pelleted from the supernatant by centrifugation at 
175.000 x g for 90 min. The supernatants were decanted 
and used as the extract from which tissue antigens were 
purified. The virus pellet was resuspended in 1 ml of 
PBS and centrifuged on preformed gradients of cesium 
chloride (density 1.2 to 1.4 gm/cc) at 95,000 x g for 4 hr. 
The major band was seen to contain whole virions when 
examined in the electron microscope after negative 
staining with 1% phosphotungstic acid (9]. 
Rabbit antisera to whole wart homogenates, prepared 
as described previously [8), served as the source of 
antibody for the preparation of immunoadsorbents. The 
antisera were absorbed with pooled human plasma and 
homogenates of human liver tissue to remove extraneous 
antibodies to serum and tissue proteins, and the immu-
noglobulin G fraction (lgG) was purified from the sera by 
precipitation of the globulins with 50% sodium sulfate 
followed by DEAE ion exchange chromatography [10]. 
The lgG fraction was demonstrated to contain anti-
bodies to the wart tissue by immunof1uorescence and 
agarose gel diffusion. The purity of the IgG fractions was 
verified by immunoelectrophoresis [11] against a goat 
antiserum to whole rabbit serum. 
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Antibody immunoadsorbents were prepared on a 
matrix of agarose (Sepharose-4B obtained from Phar-
macia, Uppsala, Sweden) activated by cyanogen bro-
mide [12]. The Sepharose was washed with large 
amounts of distilled water, adjusted to pH 11.0 with 8 N 
NaOH, 200 mg of cyanogen bromide were added for each 
ml of packed Sepharose, and the solution was main-
tained at pH 11.0 by addition of NaOH. After 10 min the 
activated Sepharose was washed on a sintered glass 
funnel with 0.2 M sodium citrate buffer, pH 6.6, and 
added to the purified IgG dissolved in cold citrate buffer. 
Approximately 100 mg of IgG were coupled to 20 ml of 
activated Sepharose, as judged by monitoring the opti-
cal density of the supernatant at 280 nm after the 
reaction was allowed to proceed overnight at 4° C. The 
conjugate was then washed on a sintered glass funnel 
with citrate buffer, 1.0 N acetic acid, and PBS. The 
antibody-Sepharose immunoadsorbents were incubated 
with aqueous wart tissue extracts overnight at 4° C, and 
the next morning the suspensions were poured into 
columns. The unadsorbed material was eluted with PBS 
and then the specific antigens were dissociated from the 
immunoadsorbents by eluting with 0.2 M glycine-HCl 
buffer at pH 3.0. Fractions were collected and the 
protein content of the effluent was monitored by an LKB 
Uvicord at 280 nm. The material obtained by acid 
elution was brought to pH 7.4 with 1.0 N NaOH, 
dialyzed against PBS, and concentrated by negative 
pressure in a collodion bag. 
Adult male rabbits were immunized in four foot pads 
with material eluted from the immunoadsorbents with 
acid buffer. Each rabbit received approximately 1.0 mg 
of protein emulsified with complete Freund's adjuvant, 
and the animals simultaneously received 0.25 ml of 
pertussis vaccine (Lilly) intramuscularly. Rabbits were 
bled at weekly intervals and sera collected from weeks 3 
through 6 were pooled for immunologic studies. 
For immunof1uorescence studies, frozen serial sections 
4 1-L in thickness were prepared from each tissue speci-
men. These were air dried, fixed in 10% neutral buffered 
formalin for 5 min, rinsed in PBS for 5 min, and then 
used for reaction with various antisera by an indirect 
method previously described [8]. Staining was achieved 
using a f1uorescein-labeled goat antiserum to rabbit 
gamma globulin (Antibodies Inc., Davis, California), 
and slides were viewed with a Zeiss f1uorescence micro-
scope equipped with UG 1 and BG 12 excitor filters and a 
4100 barrier filter. Each experiment was controlled by 
including sections incubated with preimmune rabbit 
sera followed by fluorescein-labeled goat antiserum 
alone. From each set of frozen sections one slide was 
stained with hematoxylin and eosin for orientation of 
tissues structures. 
Acrylamide gel electrophoresis was performed on 
samples eluted from immunoadsorbent columns and 
preparations of purified human papilloma virus from 
CsCl gradients. The tissue and viral proteins were 
precipitated and washed with 10% trichloracetic acid 
and redissolved by boiling in buffer solutions containing 
0.1% sodium dodecyl sulfate (SDS) and 200 nM 2-mer-
captoethanol. Disc gels containing 13% acrylamide were 
run at 90 volts for 4 hr; the gels were fixed in 10% 
trichloracetic acid and stained with 0.2% Coomassie 
blue acetic acid and methanol [13, 14]. 
Agarose gel diffusion was performed in 0.6% agarose 
[15]; the protein concentrations of immunoadsorbent 
fractions were estimated by a modified Lowry-Folin 
method [16 ]. 
RESULTS 
An immunoadsorbent prepared from absorbed 
antisera to whole wart homogenates permitted the 
selective isolation of a protein fraction by elution 
with an acidic buffer. In a representative proce-
dure (Fig. 1), the aqueous extract from 8.0 gm of 
dried wart tissue was applied to an immunoad-
sorbent containing 100 mg of rabbit lgG, and 
approximately 2.0 mg of protein were recovered in 
peak II. 
As an initial step in characterization, peak II 
material was studied by agarose gel diffusion with 
antisera prepared to peak II material and viral 
proteins. The antisera to peak II gave two bands in 
agarose gel diffusion when reacted with the immu-
nizing antigens, and these bands fused completely 
with the two bands obtained with the antiserum 
to wart tissue homogenates (Fig. 2). Peak II did 
not react with a rabbit antiserum prepared to 
purified human papilloma virus, and conversely, 
the purified virus did not react with antisera to 
peak II. An extract of normal skin, prepared from 
an amputated extremity, did react with the anti-
sera to peak II material to give two bands which 
fused with bands obtained with reactions to the 
immunizing antigens. 
When peak II material was studied by acryla-
mide gel electrophoresis in solution containing 
SDS and mercaptoethanol, three major and sev-
eral minor protein bands were observed (Fig. 3, gel 
1). The viral proteins migrated as five bands (Fig. 
3, gel 3). To ascertain whether the tissue antigens 
were structural proteins of human papilloma vi-
rus, peak II proteins were mixed with solubilized 
viral proteins and the mixture was studied on a 
single disc gel (Fig. 3, gel 2). Coelectrophoresis of 
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FIG. 1. Separation of wart-associated tissue antigens 
using an antibody-Sepharose immunoadsorbent. Un-
reactive material (peak I) eluted with neutral buffer. 
Specific antigens (peak II) eluted with acid glycine 
buffer, pH 3.0. 
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F1G . 2. Double-diffusion in agarose gel. The center well contained peak II material. Peripheral wells contained 
preimmune rabbit serum, sera from four rabbits immunized with peak II material, and serum from a rabbit 
immunized with an homogenate of wart tissue. 
the mixture verified that the tissue proteins were 
distinct from the viral proteins. 
Antisera to peak II were observed by indirect 
immunofluorescence to contain antibodies di-
rected toward the nuclei and cell surfaces of wart 
epidermal cells (Fig. 4). With serial dilution of the 
antisera, the nuclear fluorescence pattern re-
mained diffuse and disappeared at dilution 
beyond 1: 10. One could not distinguish whether 
the cell surface fluorescence was at the cell mem-
brane or within the intercellular space, and this 
fluorescence pattern persisted with dilutions to 
1: 40. Absorption of the antisera to peak II with 
human sera proteins or purified human papilloma 
virus did not alter the fluorescence. It was noted 
by agarose gel diffusion that the peak I eftluent 
from the immunoadsorbent columns contained one 
of the antigens not completely retained by the 
column, and absorption with this material re-
duced or eliminated cell surface fluorescence with-
out altering the nuclear fluorescence patterns. 
A number of warts, specimens of normal skin , 
and a variety of epithelial neoplasms were ex-
amined by indirect immunofluorescence using the 
antisera to peak II (Table). All warts and most 
tumors of squamous cell ongm showed areas of 
nuclear and cell surface f1uorescence, but no 
f1uorescence was observed in basal cell carcinomas 
or normal skin. Specimens of psoriasis and other 
types of benign epidermal dermatitis and 12-
week-old fetuses also were examined . Fluores-
cence was noted in the nuclei and at the cell 
surfaces of psoriatic epidermis, but not in other 
forms of dermatitis including lupus ery-
thematosus , neurodermatitis, and Darier's dis-
ease. Bright fluorescence was observed in fetal 
epidermis, but this appeared diffuse and could not 
be localized to particular cell structures. 
DISCUSSION 
In this stud y antibody-Sepharose immunoad-
sorbents were used to isolate two soluble tissue 
antigens from human skin warts . One antigen was 
distributed diffusely throughout the nucleus of the 
epidermal cells, and the other antigen was found 
at the cell surface, either as a component of the 
cell membrane or within the interceliular space. 
Neither antigen appeared to be a structural com-
ponent of the human papilloma virus as deter-
mined by their different migration rates in acrvl-
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associated tissue antigens (gel 1 ), human papilloma 
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amide gel electrophoresis and lack of cross-reac-
tivity in immunodiffusion studies. 
The demonstration of the wart -associated tissue 
antigens within fetal epidermis, and in rapidly 
growing psoriatic skin, suggests that these anti-
gens may be associated with cells that are growing 
and dividing rapidly. Other investigators have 
described "new' ' antigens in soluble extracts of 
psoriatic epidermis [17], but these antigens have 
not been characterized_ 
The wart-associated tissue antigens were not 
detected by immunofluorescence in basal cell 
carcinomas or normal skin, but material extracted 
from large sheets of normal epidermis reacted in 
immunodiffusion with antisera to the wart-
associated antigens. There are several possible 
explanations for the apparent discrepancy be-
tween these two techniques: warts may contain 
much more of the antigens than normal skin; or 
FIG. 4. Photomicrographs of indirect immunofluores-
cence staining reactions. A section of a wart (A) and 
normal skin (B) exposed to rabbit antiserum to the 
isolated wart -associated tissue antigens and a section of 
wart (C) exposed to preimmune rabbit serum are pre-
sented. Each section was reacted with .fluorescein--
labeled goat antiserum to rahhit lgG globulin. Auto-
f1uorescence of dermis is apparent in (Bl and (C). 
Original magnification ,. :201). 
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TABLE 
IMMUNOFLUORESCENCE STUDIES 
No. Positive I No. Tested 
1 - WARTS (Verrucae Vulgaris) 15/15 
2- .KERATOACANTHOMAS 9/10 
3- SQUAMOUS CELL CARCINOMAS 3/4 
4- SEBORRHEIC KERATOSES 4/6 
5- PSORIASIS 3/3 
6- FETAL EPIDERMIS 3/3 
7- BASAL CELL CARCINOMAS 0/8 
8- DERMATITIS 0/7 
9- NORMAL SKIN 0/12 
Survey of immunofluorescence patterns seen in a 
variety of skin tumors and benign dermatoses. Examples 
labeled dermatitis included neurodermatitis (3), lupus 
erythematosus (2), lichen planus (1), and Darier's dis-
ease (1). 
the antigens may reside in "cryptic" sites in 
normal cells as does the SV 40-induced S antigen. 
It is not known whether "cryptic" antigens would 
be detected by immunofluorescence studies of cell 
sections, as compared to fluorescence studies of 
intact cells, or whether such antigens might be 
unmasked by tissue extraction procedures that 
disrupt normal spatial relationships and activate 
tissue hydrolytic enzymes. 
The concept of a tumor-specific antigen as a 
substance unique to a specific neoplasm has been 
expanded to include tumor-associated antigens, 
and the wart-associated tissue antigens appear to 
be of this type. The latter type of antigen, which 
would include a-fetoprotein [18] and the car-
cinoembryonic antigen (CEA) of the human gas-
trointestinal tract [19, 20], are components of fetal 
cells. They may be present in extremely small 
quantities in normal adult cells, or they may be 
cryptic and become accessible to antibodies only 
after protease treatment or viral transformation of 
the adult cell [21 ). 
To understand the nature and functions of 
tumor-associated antigens it is necessary to purify 
them and carry out a complete chemical charac-
terization. Only a few antigens, e.g., CEA and 
a-fetoprotein, have been well studied, although 
preliminary studies indicate that nuclear T anti-
gens are proteins [22 ]. Our data suggest that the 
use of antibody immunoadsorbents will prove 
helpful in purification and allow for the recovery 
of biologically active antigens from a complex 
mixture of serum and tissue antigens. Although 
material recovered from our initial immunoad-
sorbent columns was contaminated with traces of 
serum protein, the majority of the material mi-
grated as three distinct proteins in acrylamide gel 
electrophoresis. Successive immunizations and 
absorptions should lead to the final purification of 
the wart-associated tissue antigens. 
The experiments described in this report were 
directed toward the purification of wart-
associated tissue antigens in a search for antigens 
relating to the spontaneous involution of skin 
warts. The regression of Shope papillomas, caused 
by the closely related rabbit papilloma virus, 
appears to depend upon cell-mediated immunity 
to tissue antigens [23 ). Cell-mediated immunity 
to wart tissue homogenates has been observed by 
skin testing [24), but whether this immunity was 
directed to viral or tissue antigens was not stud-
ied. We have initiated experiments to determine 
the role of immunity in the spontaneous regression 
of warts, and the purified wart-associated tissue 
antigens will serve as reagents for skin testing and 
in vitro assay of cellular and humoral immunity in 
patients. 
These experiments were performed with the technical 
assistance of Miss Donna Berg and Miss Nira Zinberg. 
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